Introduction
In 2010, China passed Japan to become the second largest economy in the world at market exchange rates. Since the start of reforms in 1978, the country has recorded annual real GDP growth rates averaging 10 percent, and has been able to lift hundreds of millions of its citizens from poverty. Despite this success, measured in terms of macroeconomic performance, there is now a consensus among both Chinese policymakers and international observers that the economy's growth model would benefit from a broad rebalancing away from investment and export-led growth to growth based on domestic consumption. 1 China's 12th Five Year Plan (2011-15) aims to shift from export-led sectors to domestic demand by raising the incomes of Chinese workers (Xinhua, 2010) .
In its 2010 Article IV Consultation on China, the International Monetary Fund (IMF) noted that the current policy challenge is to maintain growth while at the same time changing to an economy "powered by the Chinese consumer" (IMF, 2010). The IMF argues that continued progress is needed, e.g. in terms of exchange rate policy, financial liberalization and development, healthcare, pensions and education, in order to meet the goal of rebalancing. Similarly, the Asian Development Bank (ADB) argues that failure to rebalance the Chinese economy would jeopardize the sustainability of growth (ADB, 2010). The ADB states that a greater role for private consumption demand would "promote longer-term growth and raise living standards". 2 In this paper, we evaluate the impact of a rebalancing of the Chinese economy on its response to different shocks. To this aim, we present a small-scale dynamic 1 The investment ratio (gross fixed capital formation as share of GDP) in China was 44% of GDP in 2008, with final consumption expenditure amounting to 48% of GDP. In the US economy, final consumption-to-GDP was close to 88%, but some emerging economies also feature a high ratio of final consumption expenditure to GDP. In India, the ratio was close to 71%. 2 Not all economists agree on the need to lower the investment share of GDP in China. Woo (2009) states that consumption-led growth is an oxymoron, as growth requires expansion of productive capacity and this cannot be done by lowering investment. According to Woo, the correct rebalancing would be to increase consumption at the expense of the trade surplus. As our model economy is closed, we do not address this method of rebalancing. However, we note that the contribution of net exports to GDP growth in China is minor for most years (and actually negative in 2009). 
The Model
The economy consists of four types of agents: an infinitely-lived representative household, a representative final-good producer, a continuum of intermediategood producers, and a monetary authority. All agents maximize their utility (with firms maximizing profits), subject to an intertemporal budget constraint.
Rigidities in the model stem from staggered price setting of firms, habit formation in consumption and capital adjustment costs. The labor market is fully competitive, however, which is easily justified especially in the Chinese industrial sector. 4 In our model, the size of the labor force remains unchanged. This is in line with current Chinese demographics; as the growth of labor force is expected to stall within a few years, the environment of labor abundance is fast approaching its end in China. 5 We consider a closed-economy model, in line with Zhang (2009), as capital controls have been largely binding in China. 6 Therefore, uncovered interest parity need not hold and domestic monetary policy has enjoyed relative independence despite the de facto US dollar peg for substantial periods of time. International factors are relevant to the extent that they affect domestic inflation or the equilibrium real rate; such transmission is arguably of limited importance in the Chinese case due to restrictions on capital flows.
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Households
The representative household in the model maximizes utility from consumption   and hours worked   over an infinite life horizon:
where  gives the intertemporal elasticity of substitution and  is a measure of the inverse elasticity of labor supply. The model takes account of external habit formation via the variable   . It is assumed that the external habit stock is proportional to aggregate past consumption,
Maximization of life-time utility, (1), is subject to periodic budget and investment constraints: 
The household makes investment decisions in terms of physical capital. Cap- 
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The first-order conditions for the household's optimization problem can be summarized by (4)- (7), where the variable    denotes the value of invested capital (i.e. shadow value of capital in consumption good), and
Firms
As is standard in the literature, we assume that there is a single final good   in the closed economy that is produced by a perfectly competitive representative firm. As production inputs, the final-good producer uses a continuum of inter-
, each produced by a monopolistically competitive firm. The production technology for packaging intermediate goods into   units of the final good is given by
where 1 ≤   ∞, and  is a measure of the elasticity of substitution between different intermediate goods.
Given the prices of differentiated intermediate goods   () and profit maximization in the final-good sector, the demand for good  is given by
In the environment of perfect competition, the price of the final good   can be written as:
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In the intermediate-goods sector, production possibilities are given by a CobbDouglas production function:
for all intermediate firms  ∈ [0 1], i.e. all firms use the same technology. In the production function (11),   () and   () denote time  capital and labor services, respectively, used to produce an amount   () of the th intermediate good, and  is the elasticity of output with respect to capital. Technology is subject to the following path:
, wherē  is the mean of   and    denotes the technology shock. As a result to firm 's optimization problem, real marginal costs can be expressed as
Note that marginal costs are equal for all firms and the index  can therefore be dropped.
Staggered price setting of firms is in line with conventional Calvo pricing (Calvo, 1983) . We assume that in each period intermediate firms are able to adjust their prices, but only a constant fraction 1− of firms are able to set their prices optimally. The remaining fraction  of firms that cannot reoptimize are assumed to index their prices to lagged inflation:
where
Firms that are able to reoptimize, will set prices so as to maximize the present value of future profits. All the firms that can reoptimize at time  will choose the same price,  *  . Using the demand function for firm  (9), the aggregate price level   (10) at period  takes the familiar form:
Monetary policy
Monetary policy follows a Taylor rule for setting the nominal short term interest rate:
where b   denotes the output gap and   is an exogenous component of the interest rate that follows an autoregressive process similarly to technology: 
Equilibrium
Equilibrium is described by the market clearing conditions:
In addition, in the closed-economy equilibrium, the goods market clearing condition requires
The model is characterized by equations (15)- (26), expressed as logarithmic deviations from the zero inflation steady state. 
Combining the intermediate firm's and household's first-order conditions, marginal costs and optimal labor demand can be linearized:
Linearizing the price equation (13) 
The linear production function, the log-linearized capital accumulation equation, and the market clearing condition follow:
where   is the steady state investment share of GDP ratio and 
and
Here,      ∈ [0 1), and we assume that {   } and {   } are white noise processes orthogonal to each other.
Analysis
Parameterization
Choosing the model parameters requires care, even more so in the case of China given the transitional nature of its economy. We estimate some of the parameters, and for others the available literature is used to choose the appropriate parameter values.
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Starting with the household sector, the discount factor is set at  = 0985, which yields a quarterly real interest rate of 1.5 percent, and an annual real rate of 6.1 percent. 9 We follow Walsh (2003) in setting the intertemporal elasticity of substitution ( = 2), and Zhang (2009) in determining the marginal disutility of working ( = 616). In China, marginal disutility of working can be assumed to be low, which contributes to the high household savings rate. 10 The Calvo parameter is set at  = 084, again in line with Zhang (2009), implying an average price duration of slightly over one and a half years.
The (external) habit persistence parameter is estimated by Generalized Method of Moments (GMM) from an Euler equation featuring lagged inflation, forwardlooking inflation, and the real ex ante interest rate. 11 The estimated coefficient on lagged inflation, 0.76 in quarterly terms, is used as our measure of habit persistence.
Moving on to parameters related to firms in our model, we adopt a capital depreciation rate of  = 006. 12 Regarding the output elasticity of capital, we set  = 06, as in He et al. (2007) .
Regarding the adjustment cost parameter , note that the household's Euler equation for investment is 9 For comparison, the mean one-year nominal benchmark lending rate in China was 7.3 percent during 1994-2008. 10 Wei and Zhang (2009) argue that as the sex ratio rises, Chinese families with sons increase their savings to improve their son's relative attractiveness for marriage. According to their results, this factor could be an important contributor to the experienced increase in the household saving rate during 1990-2008. 11 The estimation is based on data from China's National Accounts from 1989 to 2008.
Consumption is deflated by the GDP deflator, and the real ex ante interest rate is measured as the nominal benchmark lending rate deflated by one period ahead retail price inflation.
All variables are measured as log deviations from the Hodrick-Prescott filtered trend (with a smoothing parameter of 100 for annual data). The instrument set includes second and third lags of consumption, together with first and second lags of the real interest rate. The overidentifying restrictions are not rejected for this instrument set (J -statistic 0.69, p-value 0.71). 12 An assumed high depreciation rate of capital is in line with conclusions from informal discussions with industrialists operating in China. As an example for machinery in the electronics sector, capital is sometimes assumed to depreciate fully in just three years. He et al.
(2005) suggest a capital depreciation rate of 0.05 for China.
where 1  is the elasticity of investment with respect to the current price of installed capital. We estimate the elasticity using Chinese data. According to Regarding the policy dimension of our model, we set the parameters of the monetary policy rule at   = 134 and   = 0, based on an estimation of a Taylor rule for China by GMM, using the benchmark one-year lending rate as the policy instrument and adjusting for the coefficient on lagged interest rates. 15 Therefore, monetary policy in China is assumed to fulfil the Taylor principle (   1), which is in line with the empirical observation that China's inflation has been remarkably low since the mid-1990s, especially in light of the economy's rapid growth rate. An alternative reading of the inflation experience is that potential growth rates are high and that large output gaps have simply not 13 In optimum, the marginal household must be indifferent between saving (i.e. investment) and consumption. Therefore, a household that decides to accrue capital must forgo consumption. Since the value of investment is the value of foregone consumption, the value of investment at time  + 1 must also reflect the current price of installed capital     at time . 14 We approximate the Euler equation for investment (27) by
where we have filtered the linear trends from both series, and use the first forward value of investment as the shadow price. For robustness, we estimated two other specifications.
First, we included two forward values for nominal GFCF in the model and, second, the contemporaneous value and first forward value of GFCF were included. The approximated Our model calibration assumes that the elasticity of substitution between intermediate goods ³  −1´d ecreases as the economy becomes more reliant on consumption in the new "rebalanced" scenario. This implies that in the new steady state, the intermediate firms' price markups over marginal costs are higher. 16 As China moves up the value chain and away from labor-intensive manufacturing, the produced goods become increasingly differentiated and firms' markups are likely to increase.
17 Table 1 presents the parameters used in the simulations in both scenarios. 16 Given the other parameter values and the steady state investment share of GDP, the value of  is given by the steady state relation
. 17 Cui and Syed (2007) provide evidence that the sophistication of China's export bundle has increased, which reflects a technological upgrade of domestic production.
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Simulations
The impacts of technology shocks over 30 quarters on key variables in the model are depicted in Figure 1 . We present the results as annualized percentage deviations from steady state for two scenarios. The dynamics under the high investment to GDP ratio (0.45) in the steady state are shown by the solid line.
The results for the low "rebalanced" ratio (0.2) in the steady state are illustrated by the dashed line. The higher value corresponds roughly to the ratio of investment to GDP currently prevailing in China, while the lower ratio is similar to the present one in high-income countries.
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The main results are similar in both scenarios. A positive technology shock gives a boost to productivity, which causes a positive supply shock. Marginal costs decrease, inflation recedes and investment increases. 19 With a lower  ratio, investment returns to steady state faster after a shock to technology.
Similarly, the impact of the technology shock on consumption is less persistent, leading to less persistence in the response of overall output to technology shocks.
Monetary policy reacts to the fall in inflation via the Taylor rule, implying a lower nominal interest rate in both scenarios. When the  ratio is lower, a technology shock leads to a slightly more pronounced decline in inflation.
This implies that the reaction of the monetary authority is also stronger in this case, as reflected in slightly larger declines in both the nominal and real interest rates. Overall, however, the volatility of the real economy is reduced vis-á-vis 18 An assumed decrease of 25 percentage points in the investment share of GDP might seem radical, at least in the short run. However, some other Asian countries have also experienced notable changes in their economic structures over time. In Singapore, the share of final consumption expenditure in GDP fell by 28 percentage points in 15 years (1962-1976) , and in
Korea by 24 percentage points in 19 years (1960-1978) . 19 The surge in investment also relates to an increased demand for capital. an increase in these costs (a rise in  from 3.4 to 6). 21 The response to monetary policy shocks remains largely unchanged with the change in parameter values.
In the case of technology shocks, there is a smoother response of consumption when  is assumed to equal 1. Not surprisingly, the reaction of capital to a technology shock is also larger in this case. Regarding changes in the marginal disutility of working, we evaluate the responses of the economy with  = 3 (more elastic labor supply than in the benchmark case) and  = 10. Overall, the results remain robust to changes in this parameter.
22 21 One could assume that in an advanced economy, investment adjustment costs are higher as firms are operating with sophisticated technology and further adding to the capital stock is increasingly costly. 22 These results are available upon request.
Conclusion
Despite the stellar growth performance of the Chinese economy during the past three decades, there is now a widespread consensus among both the Chinese policymakers and international observers that the economy would benefit from a broad-based rebalancing from investment and export-led growth to growth increasingly based on domestic consumption. In this paper, we have analyzed how a rebalancing away from investment-led growth would impact the dynamics of the Chinese economy in the face of technology and monetary policy shocks.
To this aim, we presented a small-scale dynamic stochastic general equilibrium (DSGE) model featuring price rigidities, habit persistence in consumption and adjustment costs in investment, calibrated with data on the Chinese economy.
The results suggest that a rebalancing -also involving a higher labor share of According to our model, in the new "rebalanced" steady state, the intermediate firms' price markups over marginal costs are higher. Given that China is moving up the value chain, its produced goods are likely to become increasingly differentiated, which facilitates the increase in markups. Indeed, China's 12th
Five-Year Plan (2011-15) aims at industrial upgrading, which should promote investment in new equipment and technology, and involves a move away from China's traditional role as the world's factory. If an increase in the quality of investment is coupled with a lower investment-to-GDP ratio, the government's plan of industrial upgrading is consistent with an overall rebalancing of the economy. Importantly, our results suggest that a structural rebalancing would reduce volatility in China's real economy, as the impacts of technology shocks on consumption, investment, and thus on overall output become smaller in the long run and less persistent. Therefore, our simulations can be seen to support the aim of the Chinese government and accord with recommendations of international observers, to transform the economy to one fuelled by the Chinese consumer.
